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456a Tuesday, March 8, 2011a significant increase in hysteresis over WT tissue (12295174pJ/mm2/sarco-
mere vs. 572565pJ/mm2/sarcomere, p<0.05, at 200 preconditioning cycles).
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The FHCMutation D166V in the Cardiac Muscle Regulatory Light-Chain
Causes Both a Diastolic and Systolic Dysfunction inMouse CardiacMuscle
Performance
W. Glenn L. Kerrick, Yuanyuan Xu, Priya Muthu, Katarzyna Kazmierczak,
Danuta Szczesna-Cordary.
Previously we showed that the D166V (aspartic acid to valine) mutation in the
myosin regulatory light-chain (RLC), implicated in familial hypertrophic car-
diomyopathy, was associated with a decrease in the rate that force-generating
cross-bridges dissociate (g) and an increased Ca2þ sensitivity of Ca2þ activated
skinned fiber force and ATPase (Kerrick et al. FASEB J. 2009, 23:855-65).
Here, we tested the hypothesis that the previous findings most likely manifested
a diastolic dysfunction of the mutated myocardium. Transgenic intact papillary
muscle fibers from D166V and WT mice were stimulated to contract at differ-
ent frequencies, and force and intracellular Ca2þ were measured simulta-
neously. Results showed that as frequency of stimulation increased, the end-
twitch force increased greatly in transgenic D166V papillary muscles compared
to WT, demonstrating diastolic dysfunction. The end-twitch intracellular Ca2þ
increased similarly with increasing frequency in both D166V and WT mice, as
expected. However, it was found that the twitch force in D166V muscles ini-
tially increased and then decreased with increasing frequency of stimulation
as did the amplitude of the intracellular Ca2þ transient, a possible explanation
for why force amplitude decreased at higher frequencies. Another explanation
for a decrease in force at high contraction frequencies is that RLC phosphory-
lation, activated by the increasing levels of diastolic Ca2þ, may affect force dif-
ferently in D166V (lowers force) than in WT muscles. In contrast to D166V,
WT papillary muscle twitch force increased linearly over the same range of fre-
quencies studied reaching a maximum force far exceeding that of D166V mus-
cles. In summary the FHC D166V-RLC mutation of cardiac muscle would be
expected to cause both a diastolic and systolic dysfunction in cardiac muscle
performance. Supported by AHA 10GRNT4450042(WGK) and
10POST3420009(PM), and NIH-HL090786(DSC).
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Length Dependent Activation Develops Virtually Instantaneously (<5MS)
in Guinea Pig Myocardium
Ryan D. Mateja, Pieter P. de Tombe.
Myofilament length dependent activation (LDA) is a universal property of stri-
ated muscle. The molecular mechanisms that underlie LDA are poorly under-
stood. Additionally, the rate at which LDA appears following a change in
sarcomere length (SL) is unknown. Accordingly, we compared sub-maximal
activation (pCa 5.7;~60%Fo) at steady state SL to sub-maximal activation fol-
lowing a rapid stretch to the same SL. Isolated skinned guinea-pig myofibrils
were attached to glass micro-tools positioned on the stage of an inverted micro-
scope (15C); one probe functioned as a force cantilever, while the other probe
was attached to a rapid displacement generator; a Ca2þ pulse was applied by
rapid translation of a double-barreled perfusion pipette (de Tombe, AJP, 2007).
Activations were performed at SL=2.3mm (steady state), or after a rapid (5ms)
stretch from SL=2.0mm. Steady state active force (62þ2.8%) was similar to
rapid stretch force (61þ2.7%, respectively). Activation kinetics, measured as
the time it takes for force to reach 50% of steady state force (T50), were also
similar between steady state and rapid stretch (0.88þ0.03s and 0.86þ0.4s, re-
spectively). Our data suggests that the transduction of the ‘‘length signal’’ in
guinea-pig cardiac myofibrils occurs within 5 ms.
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Length Dependence of Force Generation in Porcine Cardiac Myocytes
Laurin M. Hanft, Craig A. Emter, Kerry S. McDonald.
Ventricular ejection is determined ultimately by three myofibrillar properties,
force developed, rate of force development, and rate of loaded shortening (i.e.
myocyte power output). We investigated the length dependence of these me-
chanical properties in porcine cardiacmyocytes. For these studies, transmural bi-
opsies were obtained from the left ventricular free wall of pig hearts and
permeabilized myocytes were prepared by mechanical disruption. Cardiac my-
ocyte preparations were mounted between a force transducer andmotor and cal-
cium activated to yield ~55% maximal force after which isometric force was
measured over a range of sarcomere lengths monitored by an IonOptix SarLen
system. Porcine myocyte preparations exhibited two populations of length-
tension relationships. The slope constants were 1.525 5 0.162 and 1.054 5
0.102 for the two populations. Moreover, myocytes with shallow length-
tension relationships displayed a more curvilinear length-tension relationships
following protein kinaseA (PKA) treatment, whereby less relative force was ob-
tained at sarcomere lengths between ~2.20 to 1.80 um.We also measured sarco-mere length-ktrrelationships and observed that ktr progressively increased as
sarcomere lengthwas shortened from~2.25 mm to ~1.50mm; yielding a relation-
ship very similar to slow-twitch skeletal muscle fibers. Last, we observed that
loaded shortening and peak normalized power output was similar at ~2.30 mm
and ~1.90 mm even during activations with the same [Ca2þ], implicating a myo-
fibrillar mechanism that tends to sustain myocyte power generating capacity at
lower pre-loads. Overall, these findings indicate porcine cardiac myocytes ex-
hibit bimodal length-tension relationships and sarcomere length appears a dom-
inant modulator of force development rates and loaded shortening, observations
that are qualitative similar to those of rat cardiac myocytes. The bimodal distri-
bution of cardiac myocyte length-tension relationships may be an important
modulator for controlling Frank-Starling relationships in mammalian hearts.
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Zinc-EnhancedMyofilament Performance is Independent of Direct Effects
on Myosin or on Thin Filament Regulatory Proteins
Ting Yi, Yaser Cheema, Peter VanBuren, Brad Palmer.
We examined the role of zinc ion (Zn2þ) in modulating cardiac myofilament
performance in vitro. Myocardial strips were dissected frommouse left ventric-
ular papillary muscle, skinned with 1% Triton detergent and loaded between
a force transducer and length motor. Strips were calcium activated (pCa 4.8)
with a solution containing 5 mM MgATP, 35 mM phosphocreatine and 300
U/mL rabbit skeletal creatine kinase at 27C and pH 7. As Zn2þ concentration
was increased from 0 to 402 nM, isometric force was significantly reduced
(p<0.05) from 18.951.0 to 14.350.9 mN.mm2, and myosin crossbridge
time-on, detected by length perturbation analysis, was reduced from 3.850.2
to 2.650.3 ms. The force-velocity relation demonstrated Zn2þ-enhanced veloc-
ity of loaded shortening and maximum power production by as much as 20%. In
the in vitro motility assay, Zn2þ did not alter the velocity of regulated thin fila-
ments at maximal calcium activation. Results from themyocardial strips suggest
that myosin crossbridge kinetics are enhanced in the presence of Zn2þ, but re-
sults from the motility assay suggest that Zn2þ has no direct effect on the func-
tions of regulated thin filament or myosin. Using a Zn-65 binding assay we
found that zinc bound to actin with high affinity, but did not bind to any of
the troponin subunits or tropomyosin. Zinc also binds to myosin S1 and myosin
regulatory light chain but with relatively low affinity. Importantly, creatine ki-
nase demonstrated an overwhelmingly high affinity for zinc. Data from our
myofilament assay could be explained by zinc enhanced myosin crossbridge ki-
netics due to an upregulation of creatine kinase activity by Zn2þ. We are cur-
rently investigating the effects of Zn2þ on creatine kinase activity.
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Experimental Force-Velocity Relationship for Multiple Motors
Todd Fallesen, Jed Macosko, George Holzwarth.
The relationship between the velocity of one kinesin motor as it works against
an increasing opposing load has been well studied. The relationship between
the velocity of a cargo being moved against an opposing load by multiple ki-
nesin motors is not well established experimentally. A major difficulty in deter-
mining the multiple motors relationship is measuring the number of motors
acting against the load.
We have developed a method for measuring the number of kinesins moving
a microtubule during a gliding assay. When a 4 pN transverse force is applied
to the trailing end of a gliding microtubule, the microtubule detaches one-by-
one from its anchor points. Using video microscopy, we can determine the dis-
tance, d, between the anchor points. We measured d for several values of the
kinesin surface density s. We find that d scales as st(-2/5), as predicted by
the theory of Duke, Holy, and Liebler (1995). From d, we can estimate the num-
ber of motors N on a microtubule of length L: N=L/d.
In separate experiments, we measured the average velocity of a microtubule
gliding anti-parallel to a magnetic force applied to its trailing end. We find
that the average velocity, when scaled by the average number of motors, de-
creases linearly with the force. This suggests that the motors may correlate their
stepping during gliding assays.
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Single Protofilament is Enough to Support Unidirectional Walking of
Cytoplasmic Dynein
Keitaro Shibata, Michi Miura, Yuta Watanabe, Atsuko Nishimura,
Masaki Edamatsu, Yoko Y. Toyoshima.
Cytoplasmic dynein moves on microtubules toward its minus end with 8nm
stepping. Dynein motor domain has a ring structure which consists of six
AAA modules, and the diameter of the ring is 14 nm. This size is so large as
compared with the 8 nm step size, and then question arises whether dynein
can walk on a single protofirament of microtubule or dynein uses multiple
